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(57) The invention provides a biological photometric 
device characterized by a method of disposing a light' 
source and a light detector, capable of measuring a dis- 
tribution of concentrations at different depths and 
changes in the concentration in the case of measuring 
and fonning an image of the concentration of metabo- 
lites in an organ and changes in the concentration. The 
light sources and light detectors are disposed on the 
subject so that, in the case of measuring a concentration 
of metabolites in an organ and changes in the concen- 
tration in a shallow portion in the subject by using an 
about midpoint position between each of the light sourc- 
es and each of the light detectors as a sampling point, 
measurement is performed by using a sampling point of 
a pair of the light source and said light detector which 
are disposed at a small interval. In the case of measure- 
ment in a deep portion in the subject, a sampling point 
of a pair of the light source and the light detector which 
are disposed at a large inten^al is used. 
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Description 

Technical Field 

[0001] The present Invention relates to a biological s 
photometric device and, more particularly, to a biological 
photometric device for measuring a concentration of 
metabolites in an organ by using light and changes in 
the concentration. 

Background Art 

[0002] As biological photometric devices for measur- 
ing a concentration of metabolites In an organ by using 
light or changes in the concentration, Japanese Patent 
Application Laid-Open No. 9-135825 discloses a biolog- 
ical photometric device of high sensitivity in a deep por- 
tion in an organ and Japanese Patent Application Laid- 
open No. 9-98972 discloses a method of forming an im- 
age showing functions of human metabolism by using a 
measurement result. Prior arts will be described herein- 
below on the basis of the methods. 
[0003] First, taking a change in blood volume in asso- 
ciation with brain functions in the cerebral cortex as an 
example, a method of non-invasively measuring a 
change in blood volume in an organ will be described 
with reference to FIG. 1 2. A light propagation path 1101 
shown In the diagram is a propagation path of light emit- 
ted from a light source 1 1 02 and reached a light detector 
1 1 03 disposed on a scalp 11 07 of a subject 1 1 04. In this 
case, the light detector includes a light source typified 
by a laser, a light emlUing diode, or a lamp and, in some 
cases, an optical waveguide for guiding fight from the 
light source to the subject 1104. 
[0004] As shown in FIG. 12, each of the light source 
1 1 02 and the light detector 1 1 03 is fixed to a holder 1 1 05 . 
by using a screw 1 1 06. The tip of each of the light source 
1102 and the light detector 1103 is in contact with the 
scalp. The brain is constructed by, in accordance with 
the order from the surface of the head with which an 
optical fiber is in contact, the scalp 1107, a skull 1108, 
a cerebrospinal layer 1 1 09, a cerebral cortex 1110, and 
the like. 

[0005] In the biological photometric device, in the 
case of measuring, for example, brain functions of an 
adult, the light sources 1 1 02 and the light detectors 1 1 03 
are disposed at intervals of 30 mm. The disposition In- 
tervals are not limited to 30 mm but are determined in 
accordance with the structure of brain and optical prop- 
erties (such as an absorption coefficient and a scattering 
coefficient) of cerebral substances. The cerebral cortex 
1110 is a tissue existing on the inside of the skull and it 
is known that the cerebral cortex 1110 exists in a region 
at a depth of about 10 to 15 mm from the scalp in the 
case of an adult. It is known that the blood volume in the 
cerebral cortex changes In association with activities of 
the brain. 

[0006] As shown by the light propagation path 1101 



•having the shape of a banana shown in FIG. 12. in the 
case of setting the disposition interval between the light 
source and the light detector to 30 mm and detecting a 
change in blood volume in the cerebral cortex, the sen- 
sitivity is the maximum in an about midpoint position be- 
tween the light source and light detector in the diagram. 
In the position, according to a simulation of transmission 
of light in an organ, a light beam becomes the maximum 
at a midpoint between the light source and light detector. 
This point is therefore designated as a blood volume 
change estimating and measuring position. Based on a 
change in the light amount detected by the light source 
before and after the blood volume changes, a change 
in blood volume in the blood volume change estimating 
and measuring position can be estimated. An example 
of a method of evaluating a blood volume change is de- 
scribed in detail in Japanese Patent Applfcation Lald- 
Open No. 9-98972. 

[0007] A method of fomriing an image showing the 
functions of an organ from the result of measurement of 
the blood volume change will now be described by re- 
ferring to FIG. 13. Shown in FIG. 13 are: a subject 1 201 ; 
a measurement area 1202 on the subject; light sources 
1203, 1204, 1205. 1206, 1207. 1208, 1209, and 1210, 
such as semiconductor lasers, light emitting diodes, or 
lamps which are disposed on light irradiation positions 
(S1 S2, S3, S4, S5, S6, S7. and S8) on the subject 
(1201); and photoelectric conversion devices 1211, 
1212. 1213, 1214, 1215, 1216. and 121 8 typified by av- 
alanche photo diodes and photomultiplter tubes. Light 
that reached light detection positions on the subject in- 
dicated by D1 to D8 In the diagram is led to the photo- 
electric conversion devices via optical fibers for detec- 
tion. The light In-adiation position and the light detection 
position are determined at an interval of 30 mm in the 
case of measuring a metabolite in vivo in the cerebral 
cortex of an adult. 

[0008] In the diagram, for example, light reaching the 
light detection position (D5) in the diagram is light emit- 
ted from light in-adiation positions (S3, S5, S7, and S6). 
As described by referring to FIG. 12, the blood volume 
change estimating and measuring position is in an about 
midpoint of the light irradiation position and the light de- 
tection position. In the measuring method shown in FIG. 
13, the number of estimation and measurement posi- 
tions is 24 (blank circles in the diagram). To fomi an Im- 
age showing the concentration of metabolites in an or- 
gan or a change in the concentration, first, changes in 
blood volume are obtained in the positions (24 posi- 
tions). The changes in blood volume are subjected to 
two-dimensional spline interpolation, thereby estimating 
a change in blood volume between the measurement 
positions and an Image is fomried by using the result. 
[0009] According to Neil C. Bruce, "Experimental 
study of the effect of absorbing and transmitting inclu- 
sions in highly scattering media", Applied Optics, No. 
28, Vol. 33, October, 1994 issued by Optrcal Society of 
America, it is understood that In the case where the dis- 
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position interval between a light source and a light de- 
tector Is narrow, a larger amount of information of the 
surface of a light scatterercan be obtained. 
[0010] In the above-described biological photometric 
methods disclosed in Japanese Patent Application Laid- 
Open Nos. 9-135825 and 9-98972, to detect changes in 
metabolism of an organ tissue In a deep portion of the 
organ typified by the cerebral cortex, a plurality of light 
sources and a plurality of light detectors are disposed 
on a subject at predetermined intervals, a concentration 
of metabolites in the organ at a plurality of sampling 
points existing in midpoints between the light sources 
and light detectors or changes in the concentration is 
measured, and an image showing the concentration of 
metabolites In the organ or the changes in the concen- 
tration is fom^ed by using the measurement result. In 
the prior arts, however, an image of only the concentra- 
tion of metabolites in an organ in a certain depth or the 
changes in the concentration is formed. 

DISCLOSURE OF THE INVENTION 

[0011] By paying attention to those points, an object 
of the Invention is to provide a biological photometric 
device capable of measuring a concentration of metab- 
olites in an organ in a shallow area and a deep area of 
an organ tissue and changes in the concentration and 
generating an image showing a result of the measure- 
ment. 

[0012] To achieve the object, according to the Inven- 
tion, light sources and light detectors are two-dimen- 
sionally disposed on a subject of an organ In the vertical 
and lateral directions. To measure a concentration of 
metabolites in the organ in a shallow portion in the sub- 
ject and changes in the concentration and form an im- 
age, the concentration of metabolites in the organ and 
changes in the concentration Is measured in an about 
midpoint position of a pair of the light source and the 
light detector which are disposed at a small interval. To 
measure a concentration of metabolites in the organ in 
a deep portion in the subject and changes in the con- 
centration and form an image, the concentration of me- 
tabolites In the organ and changes in the concentration 
is measured in an about midpoint position of a pair of 
the light source and the light detector which are dis- 
posed at a large Interval. 

[001 3] According to the configuration of the invention, 
there is provided a biological photometric device includ- 
ing a plurality of light sources for irradiating an organ 
with light and a plurality of light detectors for detecting 
the light emitted from the light sources and propagated 
through the organ, the light sources and the light detec- 
tors being disposed alternately on the organ, the device 
for measuring a concentration of metabolites in the or- 
gan and changes in the concentration by using an about 
midpoint position between each of the light sources and 
each of the light detectors as a sampling point on the 
basis of the signal detected by the light detector, wherein 



the light sources and the light detectors are disposed so 
that positions of the light source and the light detector 
become sampling points. 

[001 4] According to the configuration of the invention , 

5 there is provided a biological photometric device includ- 
ing a plurality of light sources for Irradiating a subject 
with light and a plurality of light detectors for detecting 
the light emitted from the light sources and propagated 
through the subject, the light sources and light detectors 

10 being disposed on the subject, the device for measuring 
a concentration of metabolites in the subject and chang- 
es In the concentration by using an about midpoint po- 
sition between the light source and the light detector as 
a sampling point on the basis of a signal detected by the 

15 light detectors, wherein another light detector is dis- 
posed in an about midpoint position of a first pair of the 
light source and the light detector, and another light de- 
tector is disposed in an about midpoint position of a sec- 
ond pair of the light source and the light detector. 

20 [0015] According to the configuration of the Invention, 
there is provided a biological photometric device includ- 
ing a plurality of light sources for irradiating a subject 
with light and a plurality of light detectors for detecting 
the light emitted from the light sources and propagated 

25 through the subject, the device for measuring a concen- 
tration of metabolites in the subject and changes in the 
concentration by using an about midpoint position be- 
tween each of the light sources and each of the light 
detectors as a sampling point on the basis of a signal 

30 detected by the light detector, wherein the light sources 
and the light detectors in a plurality of pairs are disposed 
symmetrically so that sampling points in the plurality of 
pairs of the iightsources andthe light detectors, of which 
Intervals are different from each other are In the same 

35 position in the depth direction. 

[0016] According to the configuration of the invention, 
there is provided a biological photometric device Includ- 
- ing a plurality of light sources for Irradiating a subject 
with light and a plurality of light detectors for detecting 

40 the light emitted from the light sources and propagated 
through the subject, the light sources and the light de- 
tectors being disposed altemately in the vertical and lat- 
eral directions on the subject, the device for measuring 
a concentration of metabolites in the subject and chang- 

45 es in the concentration by using an about midpoint po- 
sition between each of the light sources and each of the 
light detectors as a sampling point on the basis of the 
signal detected by the light detector, wherein the light 
sources and said light detectors are disposed so that a 

50 position interval between the light source and the light 
detector disposed in said lateral direction and a position 
interval between the light source and the light detector 
disposed in the vertical direction are different from each 
other. 

55 [0017] Further, the invention further provides a biolog- 
ical photometric device obtained by further providing the 
configuration with means for displaying the measured 
concentration of metabolites or changes In the concen- 
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tration as an image. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[001 8] FIG. 1 Is a diagram showing a first example of 
a layout of light sources and light detectors acx;ording to 
the invention. FIG. 2 is a diagram showing a distribution 
of sampling points and measurement areas in FIG. 1, 
FIG. 3 is a diagram showing an example of a measure- 
ment sequence, FIG. 4 is a diagram showing a second 
example of the layout of light sources and light detectors 
according to the invention, FIG. 5 is a diagram showing 
a distribution of sampling points and measurement are- 
as in FIG. 4, FIG. 6 is a diagram showing a third example 
of the layout of light sources and light detectors in the 
invention, FIG. 7 is a diagram showing a distribution of 
sampling points and measurement areas in FIG. 6, FIG. 
8 is a diagram showing a fourth example of the layout 
of light sources and tight detectors according to the In- 
vention, FIG. 9 is a diagram showing an example of the 
layout of light sources and light detectors in FIG. 8, FIG. 

10 is a diagram showing a fifth example of the layout of 
light sources and light detectors in the invention, FIG. 

1 1 is a diagram showing an example of a method of dis- 
playing a topographic image according to the invention, 
FIG. 1 2 is a diagram for explaining a conventional meth- 
od of measuring a concentration of metabolites In an or- 
gan by using light or changes in the concentration, and 
FIG. 13 is a diagram showing a distribution of sampling 
points in FIG. 12. 

Best Mode for carrying out the Invention 

[0019] Embodiments of the invention will be de- 
scribed herein below with reference to the drawings. 
[0020] FiG. 1 shows an example of a method of dis-. 
posing light sources and light detectors on a subject In 
accordance with the invention in a biological photomet- 
ric device. 

[0021 ] The ligh{ source denotes here a device having 
a light source typified by a laser, LED, or lamp and light 
guiding means typified by an optical fiber capable of 
guiding tight emitted from the light source onto a subject. 
There is no problem that the light sources are directly 
disposed on a subject. On the other hand, the light de- 
tector is a device having a component of detecting light 
propagated through the subject and converting the de- 
tected light amount Into an electric signal. As an exam- 
ple of the component, an avalanche photo diode and a 
photomultipller tube can be mentioned. Reference nu- 
meral 101 in FIG. 1 denotes a subject, and the concen- 
tration of metabolites in an organ in the subject in a 
measurement area (102) existing on the subject or 
changes In the concentration is/are measured. 
[0022] The method of disposing the light sources and 
light detectors on the subject will be described herein- 
below. Blank circles 103 in the diagram denote light 
sources. On the other hand, painted circles 104 denote 



light detectors. The disposing interval of them Is arbi- 
trary. Means for obtaining an image showing a concen- 
tration of metabolites in a shallow area of an organ or 
changes in the concentration and obtaining an image 

5 showing a concentration of metabolites In a deep area 
in the organ or changes In the concentration by using 
the method of disposing the light source and light detec- 
tor shown in FIG. 1 will be described hereinbelow with 
reference to FIG. 2. 

10 [0023] 201 in FIG. 2 denotes a distribution of sampling 
points for obtaining an image illustrating the concentra- 
tion of metabolites in a shallow area of an organ or 
changes in the concentration by using the method of dis- 
posing the light sources and light detectors shown In 

IS FIG. 1 . In FIG. 1 , for example, the interval (which is des- 
ignated as "x") between the light source 1 03 and the light 
detector 1 04 is the shortest. Consequently, the concen- 
tration of metabolites in an organ at a sampling point 
existing in an about midpoint position of the light source 

20 and light detector or changes in the concentration indi- 
cates a concentration in a shallowest area in the organ 
or changes In concentration. A dotted line shown in 201 
indicates a measurement area obtained by surrounding 
sampling points at about midpoint positions of the light 

25 sources and light detectors disposed at the disposing 
intervals "x". An image of the concentration of metabo- 
lites In an organ in the area or the changes in the con- 
centration is fonned by using a mathematical process- 
ing method typified by spline interpolation. 

30 [0024] A method of forming an image showing a con- 
centration of metabolites in an organ In a deeper area 
or changes in the concentration in a simitar manner will 
be described by using 202 and 203 In FIG. 2. 202 Indi- 
cates a distribution of sampling points in the case of 

35 forming an Image showing a concentration of metabo- 
lites in an organ in about midpoint positions between the 
light sources 1 03 and light detectors 1 05 shown In FIG. 
* 1 (in this case, the Interval between the light source and 
the light detector is 2.23x) or changes in the concentra- 

40 tion. Further, 203 denotes a distribution of sampling 
points in the case of forming an image showing a con- 
centration of metabolites in an organ in about midpoint 
positions between the light sources 1 03 and the tight de- 
tectors 106 shown in FIG. 1 (in this case, the Interval 

45 between the light source and the light detector is 3x) or 
changes in the concentration. 

[0025] As described above, the narrower the dispos- 
ing interval between the tight source and light detector 
is, a larger amount of information of the surface of tight 

50 scatterer can be obtained. Consequently, it can be said 
that 202 shows a distribution of sampling points by 
which the concentration of metabolites In a deeper area 
of an organ or changes in the concentration can be de- 
tected as compared with the distribution 201 , and that 

S5 203 indicates a distribution of sampling points in adeep- 
er area as compared with 201 and 202. From the above, 
each of images obtained by perfomiing a mathematical 
process on the concentration of metabolites in an organ 
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at the sampling points or changes In the concentration 
displays a distribution of concentrations of metabolites 
in an organ at a certain depth In an organ or changes in 
the concentration. 

[0026] FIG. 3 shows an example of a measurement s 
sequence used to measure the concentration of metab- 
olites In an organ or changes in the concentration by 
using the method of disposing a light source and a light 
detector shown in FIG. 1 . For example, "a light source 
1" shown in FIG. 3 corresponds to the light source 1 03 '^o 
in FIG. 1 . At this time, as shown in FIG. 3, all of the other 
light sources (light sources 2 to 12 in FIG. 3) are off. 
After the switch of the light source 1 is turned off, the 
intensity of the light source 2 is tumed on. The time 
elapsed since the switch of the light source 1 Is turned ^5 
off until the switch of the light source 2 is turned on large- 
ly depends on time required to detect a light amount by 
a detector and convert the light amount to an electric 
signal and a time constant of an electronic circuit after 
the light amount is converted Into the electric signal. Af- 20 
ter that, the switches are sequentially tumed on or off 
from the light source 2 to irradiate the subject with light. 
[0027] In the method of disposing the light sources 
and the light detectors shown in FIG. 1 , the light sources 
and light detectors are altemately disposed on a two- 25 
dimensional plane. FIG. 4 shows an example of a dis- 
posing method different from the above method. Blank 
circles 401 and blank squares 402 in the diagram denote 
light sources, and painted circles 403 and painted 
squares 404 indicate light detectors. In the diagram, the 30 
light sources shown by blank circles and the light detec- 
tors shown by painted circles are disposed at the equal 
inten/als. and the light sources Indicated by blank 
squares and the light detectors indicated by painted 
squares are disposed at the equal intervals. 35 
[0028] in the method of disposing the light sources 
and light detectors shown in FIG. 4, at least four pairs 
of the light sources and light detectors whrch will be de- 
scribed hereinbelow can be considered. 
[0029] A first pair is a pair of the light source indicated 40 
by the blank circle for emitting light and the light detector 
indicated by the painted circle for detecting the light 
propagated through an organ tissue. Sampling points 
as midpoints of the light sources and light detectors are 
indicated by small blank circles in the diagram. Similarly, 45 
a second pair Is a pair of the light source indicated by 
the blank square for emitting light and the light detector 
indicated by the painted square for detecting the light 
propagated through the organ tissue, and sampling 
points are shown by small blank squares. so 
[0030] In contrast to the first and second pairs, In third 
and fourth pairs, light emitted from the light sources 
shown by the blank squares and blank circles and prop- 
agated through an organ tissue Is detected by the light 
detectors of the painted circles and painted squares, ss 
Consequently, in the configuration, in an about midpoint 
position in a pair of a light source and a light detector, 
another light source or light detector is disposed. In this 



case, the interval of the light source and light detector 
is the half of the interval between the light source and 
light detector shown in the first and second pairs, and 
sampling points obtained from the third and fourth pairs 
are indicated by the sign "x". 

[0031] FIG. 5 shows a distribution of.sampling points 
obtained from the method of disposing the light sources 
and light detectors Illustrated in FIG. 4. 501 shows a dis- 
tribution of sampling points 502 obtained by the third and 
fourth pairs shown In FIG. 4 and an area 503 of the sam- 
pling points. Similarly, 504 shows a distribution of sam- 
pling points 505 and 506 obtained by the first and sec- 
ond methods of disposing the light sources and light de- 
tectors shown in FIG. 4 and an area 507 of the sampling 
points. As compared with the first and second pairs 
shown in FIG. 4, in the third and fourth pairs, the dispo- 
sition interval of the light source and the light detector 
is narrower. Therefore, a distribution of an image ob- 
tained by interpolating the distribution 501 of the sam- 
pling points obtained by the latter pairs shows a shal- 
lower area of the subject as compared with a distribution 
of an image obtained by the former pairs. 
[0032] In the methods of disposing the light sources 
and light detectors shown in FIGS. 1 and 4, the light 
sources and light detectors are uniformly disposed in the 
measurement area. As a result, in a shallow area and a 
deep area of the subject, images of almost the same 
measurement areas can be formed. However, depend- 
ing on an object to be measured, there is a case such 
that depth infonnatlon regarding a metabolite in an or- 
gan of the subject only in a specific area is necessary. 
[0033] FIG. 6 shows an example of a method of dis- 
posing light sources and light detectors, capable of 
achieving the object. In the measurement method, light 
sources (602) indicated by blank circles and light detec- 
tors (603) indicated by painted circles are disposed on 
the whole face of a subject 601 . On the other hand, light 
sources (604) indicated by blank squares and light de- 
tectors (605) indicated by painted squares are locally 
disposed on the subject 601 . 

[0034] In the method of disposing the light sources 
and light detectors shown in FIG. 6, FIG. 7 shows a dis- 
tribution of sampling points. 701 denotes a distribution 
of sampling points 702 existing in about midpoint posi- 
tions of the light sources and light detectors in the pairs 
3 and 4 shown in FIG. 6. 703 denotes a distribution of 
sampling points 704 existing in about midpoint positions 
of the light sources and light detectors In the pairs 1 and 
2 shown in FIG. 6. 

[0035] In FIG. 6, the disposition interval between the 
light source and light detector shown in the pairs 1 and 
2 Is twtee as long as that between the light source and 
light detector shown in the pairs 3 and 4. It can be con- 
sequently said that the distribution map 701 of the sam- 
pling points shows the concentration of metabolite^ in 
an organ in a shallower area of a subject or changes in 
the concentration as compared with the distribution map 
703 of the sampling points. It can be said that the distri- 
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bution 701 of sampling points is more (oca! as compared 
with the distribution 703 of sampling points and achieves 
the above-described object. 

[0036] In FIGS. 2, 5, and 7, the positions of sampling 
points at different depths do not always coincide with 
each other. FIG. 8 shows an example of a method of 
disposing light sources and light detectors by which dis- 
tributions of sampling points at different depths become 
the same. A blank circle 801, a blank square 802, and 
a blank triangle 803 in the diagram denote light sources, 
and light is detected by a painted circle 804, a painted 
square 805, and a painted triangle 806 shown in the 
same diagram, respectively. 807, 808, and 809 denote 
optical path distributions of light emitted from the light 
sources and reaching the light detectors. 
[0037] In the method of disposing the light sources 
and light detectors shown in FIG. 8, the light sources 
and light detectors are disposed symmetrically. The 
sensitivity in the midpoint of the light source and the light 
detector is the highest As the distance between the light 
source and the light detector increases, the concentra- 
tion of metabolites in an organ in deep portions or a 
change in the concentration can be measured. Conse- 
quently, in the measuring method shown in FIG, 8, sam- 
pling points 81 0, 811 , and 81 2 line in the depth direction. 
[0038] FIG. 9 shows a method of disposing a light 
source and a light detector by which a topographic im- 
age in which sampling points exist in the same position 
in the. depth direction can be obtained on the basis of 
the method of disposing the light source and the light 
detector shown In FIG. 8. The pairs of the light sources 
and light detectors are the same as those shown in FIG. 
8. In the disposing method, light sources 902, 903, and 
904 and light detectors 905, 906, and 907 are disposed 
line-symmetrically with respect to a sampling point 901 
as a center. Therefore, distributions of the sampling, 
points obtained by the pairs 1 , 2, and 3 are the same. 
However, the disposition interval between a light source 
and a light detector varies according to the pairs. In the 
case shown in the diagram, the areas in the subject 
measured become deeper in accordance with the order 
from the pairs 1 , 2, and 3. 

[0039] Although FIG. 8 shows the configuration of dis- 
posing the pairs of light sources and light detectors line- 
symmetrically and measuring the deep and shallow por- 
tions in an organ, the invention is not limited to the con- 
figuration but, as shown In FIG. 10, light sources A-1 , 
B-1, and C-1 and light detectors A-2. B-2. and C-2 may 
be disposed with respect to a sampling point of a change 
in blood volume Indicated by a painted point (painted 
circle) in the diagram as a center. 
[0040] In this case, light emitted from the light source 
A"1 Is detected by using the light detector A-2. Similarty, 
light emitted from the light sources B-1 and C-1 is de- 
tected by using the light detectors B-2 and C-2, respec- 
tively. In order to extract the information in the shallow 
portion and the deep portion in more detail, it Is neces- 
sary to dispose the light sources and light detectors 



densely. In the disposition configuration of FIG. 8, the 
disposition Is spatially limited. In contrast, by using the 
embodiment shown in FIG. 10, the disposition of the 
light sources and light detectors is not so spatially limit- 
5 ed, so that Information in an organ can be extracted in 
detail. 

[0041] An example of displaying a plurality of topo- 
graphic images measured at different depths onto a 
screen on the basis of the above-described method will 
10 be described. 1001 and 1002 shown in FIG. 11 denote 
topographic images In a shallow portion and a deep por- 
tion obtained by the light sources and light detectors il- 
lustrated in FIG. 4. 

[0042] To obtain the images, images are generated 

'5 according to an estimating method typified by spline in- 
terpolation by using the concentration of metabolites in 
an organ obtained at different sampling points or chang- 
es in the concentration. As indicated by 1 005 and 1 006. 
messages indicating the depths at which the images are 

20 taken are provided around the images 1001 and 1002. 
Further, as shown by 1007, it is also possible to obtain 
a difference between topographic images at different 
depths and display the difference, in this case, if the top- 
ographic Image 1007 Indicates the difference between. 

^5 the measurement areas 1003 and 1004, a measure- 
ment area indicated by 1008 has to be a sum-set of the 
measurement areas 1 003 and 1 004. 
[0043] 1009 shows an example of stereoscopically 
displaying the topographic images in addition to the top- 

30 ographic images 1001 and 1002. In this case, in order 
to clearly show a geometrical positional relation of top- 
ographic images at different depths, a perpendicular 
1010 Indicative of the positional relation in the vertical 
direction Is added. Although the perpendicular 1010 is 

35 a dotted line in the embodiment, it can be a broken line, 
a solid line, or a thick line. 

[0044] A broken line 1 01 1 which is of a kind different 
from the perpendicular 1 01 0 is used to associate the po- 
sition in which the concentration of metabolites in an or- 

40 gan in a shallow portion (described as "7.5 mm from the 
surface" in FIG. 1 1 ) orthe maximum value of the change 
In the concentration Is obtained with the measurement 
area in the deep portion (described as "1 5 mm from the 
surface" in FIG. 11). The line 1011 is desirably of a kind 

45 different from the perpendicular 1010 Indicative of the 
positional relation in the vertical direction, so that the 
difference becomes clear. 

Industrial Applicability 

50 

[0045] As described above, according to the inven- 
tion, a biological photometric device capable of meas- 
uring a concentration of metabolites in an organ of a 
subject at different depths from the surface of the sub- 
S5 ject and changes In the concentration and obtaining "It 
as an image can be realized. 
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Claims 

1; A biological photometric device comprising 

a plurality of light sources for Irradiating a sub- s 
ject with light and 

a plurality of light detectors for detecting the 
light emitted from the light sources and propa- 
gated through the subject, 

the light sources and light detectors being dis- io 
posed on the subject, 

the device for measuring a concentration of me- 
tabolites in the subject and changes in the con- 
centration by using an about midpoint position 
between each of the light sources and each of is 
the light detectors as a sampling point on the 
basis of the signals detected by the light detec- 
tors, 

wherein said light sources and said light de- 20 
tectors are disposed so that In the case of meas- 
urement in a shallow portion in the subject, a sam- 
pling point of a pair of said light source and said light 
detector which are disposed at a small interval is 
used, and in the case of measurement in a deep 2S 
portion in the subject, a sampling point of a pair of 
said light source and said light detector which are 
disposed at a large interval is used. 

2. A biological photometric device comprising 30 

a plurality of light sources for in^adiating a sub- 
ject with light and 

a plurality of light detectors for detecting the 
light emitted from the light sources and propa- 55 
gated through the subject 
the light sources and the light detectors being 
disposed alternately in the vertical and lateral 
directions on the subject, 

the device for measuring a concentration of me- ^0 
tabolites in the subject and changes in the con- 
centration by using an about midpoint position 
between each of the light sources and each of 
the light detectors as a sampling point on the 
basis of the signal detected by the light detec- 4S 
tor. 

wherein said light sources and said light de- 
tectors are disposed so that a position interval be- 
tween said light source and said light detector dis- so 
posed in said lateral direction and a position Interval 
between said light source and said light detector 
disposed in the vertical direction are different from 
each other. 

55 

3. A biological photometric device comprising 

a plurality of light sources for irradiating a sub- 



ject with light and 

a plurality of light detectors for detecting the 
light emitted from the light sources and propa- 
gated through the subject, 
the light sources and light detectors being dis- 
posed on the subject, 

the device for measuring a concentration of me- 
tabolites in the subject and changes in the con- 
centration by using an about midpoint position 
between one of the light sources and one of the 
light detectors as a sampling point on the basis 
of a signal detected by one of the light detec- 
tors, 

wherein said light sources and said light de- 
tectors are disposed so that any of the light sources 
except for the one of said light sources and the light 
detectors except for the one of said light detectors 
is in the sampling point. 

4. A biological photometric device comprising 

a plurality of light sources for irradiating an or- 
gan with light and 

a plurality of light detectors for detecting \h6 
light emitted from the light sources and propa- 
gated through the organ, 
the light sources and light detectors being dis- 
posed on the organ, 

the device for measuring a concentration of me- 
tabolites in the organ and changes in the con- 
centration by using an about midpoint position 
between each of the light sources and each of 
the light detectors as a sampling point on the 
basis of a signal detected by the light detectors. 

wherein another light source Is disposed in an 
about midpoint position between said light source 
and said light detector of a first pair, and another 
light detector is disposed in an about midpoint po- 
sition between said light source and said light de- 
tector of a second pair. 

5. The biological photometric device according to 
claim 1 , 2, 3, or 4, further comprising means for dis- 
playing said concentration of metabolites measured 
or changes in the concentration as an image. 

6. A biological photometric device comprising 

a plurality of light sources for irradiating a sub- 
ject with light and 

a plurality of light detectors for detecting the 
light emitted from the light sources and propa- 
gated through the subject, 
the device for measuring a concentration of me- 
tabolites in the subject and changes in the con- 
centration by using an about midpoint position 
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between each of the light sources and each of 
the light detectors as a sampling point on the 
basis of a signal detected by the light detector, 

wherein said light sources and said light de- s 
tectors In a plurality of pairs are disposed symmet- 
rically so that sampling points in the plurality of pairs 
of said light sources and said light detectors, of 
which intervals are different from each other are in 
the same position in the depth direction. io 

The biological photometric device according to 
claim 6, further comprising means for displaying a 
concentration of metabolites In an organ measured 
at different depths in said subject or changes in the is 
concentration as an image. 



20 



25 



30 



35 



40 



45 



50 



55 



8 



EP1 245192A1 




FIG. 1 



103 104 



0 



0 



• o • 

105 

106 



O • 
O • O 
• O • 

--e— #-"0- 



o 



o 



o 



• cb 



o 



o 



o 

I 
t 
t 

.1 

♦ 

I 
I 





LIGHT 
SOURCE 


LIGHT 
DETECTOR 


PAIR 1 


O 


• 



9 



EP1 245 192A1 
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FIG. 3 
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FIG. 4 
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FIG. 5 
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FIG. 6 
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FIG. 8 
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FIG. 9 



901 901 






LIGHT 
SOURCE 


LIGHT 
DETECTOR 


SAMPLING 
POINT 


PAIR 1 


o 


• 


o 


PAIR 2 


□ 


■ 


o 


PAIR 3 


A 


▲ 


o 



17 



EP 1 245 192 A1 



FIG. 10 




18 



EP1 245192A1 



FIG. 11 



1003 1002 




19 



EP 1 245 192 A1 



FIG. 12 




1101 



20 



EP 1 245 192 A1 



FIG. 13 



1203- 



S11 



1204-^Swh-* rsT2" 



1205--/Sv7^h- ^~SlT 
1206- 
1207- 
1208- 
1209- 



1210-H2Z3— HIM 






30mm 



D 


D 


D 


D 


D 


D 


D 


D 


11 


12 


13 


14 


15 


16 


17 


18 



rzzi 



riziiiixiixizE 



1211 ;1213 y 1215 ) 1217 
1212 1214 1216 1218 



21 



EP1 245 192A1 



INTERNATIONAL SEARCH REPORT 


International application Ho. 




PCT/JPOO/08425 



A. CLASSrFICATlON OF SUBJECT MATTER 
Int. CI' A61B10/00, A61B5/14 



Acconling to International Patent Qassification (IPC) or to both national classification and IPC 
B. FBLDS SEARCHED 

Minimum documentation searched (classificalion system followed by classification symbols) 
Int-Cl' A61B10/00, A61B5/14, A61B5/00 



Document;]tion searched other than minimum documentation to the extent that such documents are included in the fields searched 
Jit:,suyo Shinan Koho 1926-1996 Toroku Jitsuyo Shinan Koho 1994-2001 

Kokai Jitsuyo Shinan Koho 1971-2001 Jitsuyo Shinan Toroku Koho 1996-2001 

Electronic data base consulted during the international search {name of data base and, where practicable, search terms used) 



C. DOCUMENTS CONSrDERED TO BE RELEVANT 



Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


Y 


JP, 9-98972, A (Hitachi, Ltd.), 

15 April, 1997 (15.04.97), 

Full text; all drawings (Family: none) 




Y 


US, 5853370, A (Non- Invasive Technology, Inc.), 
29 December, 1998 (29.12,98), 
Full text; all drawings 
& WO, 98/10698, Al 


1.5 


y 


US, 5902235, A (Somanetics Corporation), 

11 May, 1999 (11,05.99), . 

Column 6; lines 1 to 27; Fig. 5 

& WO, 92/21283, AX & JP, 7-500259, A 


1 


Y 


J-P, 3016160, U (Yugen Kaiaha To3ute)cku) , 
19 July, 1995 (.19.07.95), 

Par. Nos. (00051 - [0006] ; Pic|. 4 (Family: none) 


1 


p. A 


JP, 2000-136997, A (Fuji Photo Film Co., Ltd.), 

16 May, 2000 (16.05.00), 

Full text; all drawings (Family: none) 


■1-7 



r] Further documents are listed in the continuation of Box C. Q See patent iamity annex. 



Special categories of cited documents: 
document defining the general state of the ait which is not 
eomtidefcd «o be of parUciitar relevance 
earlier document but published on or after the international ftling 
daie 

document which may throw doubts on priority daim(s) or which is 
cited to establish the publication dale of another citation or other 
spcetaJ reason (as specified) 
'Xy document referring to an oral disclosure, use. exhibition or other 



V dociiment published prior to the international filing date but later 
than the priority date claimed 



T* later document published after the international filing date or 
priority dale and not in conflict with the application but cited to 
understand the principle or theory underiying the iiweniion 

"X" document of panicular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an iaveniivc 
step when die document is taken alone 

"Y" document of particular relevance; the claimed invention cannot be 
considered to involve en invendve step when the documcm is 
combined with one or more other such documents, such 
combination being obvious to a person skilled in (he art 
document member of the same patent family 



Date of the actual completion of the international search 
16 February, 2001 (16.02.01) 


Date of mailing of the international search report 
27 February, 2001 (27.02.01) 


Name and maifing address of the ISA/ 
Japanese Patent Office 

Facsimile No. . 


Authorized oflficer 
Telephone No. 



22 



